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(54) SOLAR CELL OUTPUT MEASURING DEVICE AND MEASURING METHOD

(67)  The present invention accurately measures the
electrical characteristics even of a solar cell having a bus-
barless structure. The present invention is provided with
a terminal plate (2) made of a conductor that simultane-
ously contacts a plurality of finer electrodes (31) by
means of intersecting the finger electrodes (31) over the

plurality of finger electrodes (31), which are formed on
the surface of the solar cell (20). The terminal plate (2)
is connected to a measuring device (6) that measures
the electrical characteristics of the solar cell (20), and the
terminal plate (2) is formed into a rectangular shape, and
one surface thereof (2b) forms a surface that contacts
the finger electrodes (31).
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Description
Field of the Invention

[0001] This invention relates to an output measuring device for measuring electrical characteristics of a solar cell and
a measuring method thereof, and in particular concerns improvements of an electrode terminal structure that is made
in contact with the solar cell.

The present application asserts priority rights based on JP Patent Application 2010-272838 filed in Japan on December
7, 2010 and JP Patent Application 2011-240174 filed in Japan on November 1, 2011. The total contents of disclosure
of the Patent Application of the senior filing date are to be incorporated by reference into the present Application.

Background of the Invention

[0002] Conventionally, as a measuring device for measuring electrical characteristics of a solar cell, in general, a
measuring device provided with a plurality of probe pins that are made in contact with busbar electrodes of the solar cell
has been used. The measuring device of this type is provided with current measuring probe pins for use in measuring
an electric current flowing through the solar cell and voltage measuring probe pins for use in measuring a voltage
generated in the solar cell.

[0003] Upon carrying out measurements of electrical characteristics on a solar cell, for example, as shown in Figs. 18
and 19, these current measuring probe pins 50 and voltage measuring probe pins 51 are made in contact with busbar
electrodes 54 of a solar cell 53 to be measured, and while irradiating the light receiving surface of the solar cell 53 with
pseudo solar light, a current flowing through the solar cell 53 and a voltage generated in the solar cell 53 are measured,
that is, a so-called 4-terminal method is carried out.

Prior-Art Documents
Patent Document
[0004]
PTL 1: Japanese Patent Application Laid-Open No. 2006-118983
Summary of the Invention

[0005] Inrecent years, in order to reduce the number of production processes of a solar cell and also to cut the used
amount of electrode materials, such as Ag paste and the like, and subsequently reduce production costs, a technical
method has been proposed in which without forming busbar electrodes, tab wires are directly adhered to finger electrodes
in a manner so as to intersect the finger electrodes, with a conductive adhesive film interpolated therebetween. In such
a solar cell having the busbarless structure as well, current collecting efficiency as high as, or higher than that of the
solar cell with the busbar electrodes formed therein can be obtained.

[0006] Inthe case when electrical characteristics are measured on such a solar cell 55 having the busbarless structure,
probe pins 56 need to be directly made in contact with finger electrodes 57. However, as shown in Fig. 20, the interval
between the standing probe pins 56 formed and the interval between positions at which the finger electrodes 57 are
formed are not coincident with each other in many cases, and in this case, it is not possible to make all the finger
electrodes 57 conductive, with the result that there are some finger electrodes 57 that are not subjected to the meas-
urements to cause a failure in carrying out accurate measurements of electrical characteristics.

[0007] Therefore, an object of the present invention is to provide a solar cell output measuring device and an output
measuring method for a solar cell that can carry out accurate measuring processes for electrical characteristics even
on such a solar cell having the busbarless structure.

[0008] In order to solve the above-mentioned problems, a solar cell output measuring device in accordance with the
present invention is provided with a terminal plate made of a conductor that is allowed to intersect a plurality of finger
electrodes formed on a surface of a solar cell so as to be simultaneously made in contact with the plural finger electrodes,
and the terminal plate is connected to a measuring device for measuring electrical characteristics of the solar cell and
formed into a rectangular shape, with one surface thereof being allowed to form a contact surface with the finger elec-
trodes.

[0009] Moreover, a solar cell output measuring method in accordance with the present invention, which is a method
that uses a solar cell output measuring device provided with a terminal plate made of a conductor and having a rectangular
shape, which is connected to a measuring device for use in measuring electrical characteristics of a solar cell is provided
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with processes in which by placing one surface of the terminal plate on a plurality of finger electrodes formed on a surface
of the solar cell so as to intersect the finger electrodes, the terminal plate is simultaneously made in contact with the
plural finger electrodes, and while irradiating the surface of the solar cell with light, electrical characteristics thereof are
measured.

Effects of Invention

[0010] In accordance with the present invention, the contact surface of the terminal plate is made in surface-contact
with the finger electrodes; therefore, upon measuring electrical characteristics of a solar cell having a busbarless structure,
the terminal is allowed to be positively made in contact with all the finger electrodes so that it is possible to measure the
electrical characteristics with high precision. Brief Description of Drawings

[0011]

Figure 1 is a perspective view showing an essential portion of a solar cell measuring device to which the present
invention is applied.

Figure 2 is a side face view showing electrode terminals.

Figures 3A and 3B are perspective views that explain a joined state of two terminal plates of the electrode terminals.
Figure 4 is an exploded perspective view showing solar cells and a solar cell module.

Figure 5 is a cross-sectional view showing solar cells.

Figure 6 is a bottom face view showing a rear surface of each solar cell.

Figure 7 is a cross-sectional view showing a conductive adhesive film.

Figure 8 is a view that explains a measuring process of a solar cell measuring device.

Figure 9 is a view that explains a measuring process of the solar cell measuring device.

Figure 10 is a cross-sectional view showing another solar cell in which a solar cell measuring device 1 is used.
Figure 11 is a plan view showing a thermal compression region and a non-thermal compression region.

Figure 12 is a perspective view showing a state in which electrical characteristics of the other solar cell are measured
by using the solar cell measuring device 1.

Figures 13A and 13B are plan views that show solar cells relating to an example and a comparative example.
Figure 14 is a graph that shows distributions of measured values of photoelectric conversion efficiency of solar cells
by the example and the comparative example.

Figure 15 is a perspective view that shows a solar cell measuring device relating to another structure of the present
invention.

Figure 16 is a side view that shows the solar cell measuring device relating to the other structure of the present
invention.

Figure 17 is a perspective view showing an auxiliary jig relating to the example.

Figure 18 is a perspective view showing a state in which electrical characteristics of a solar cell are measured by
using a conventional measuring device in which probe pins are used.

Figure 19 is a view for use in explaining measuring processes by the use of the conventional measuring device in
which probe pins are used.

Figure 20 is a view for use in explaining measuring processes of electrical characteristics of a solar cell having a
busbarless structure by the use of the conventional measuring device in which probe pins are used.

Detailed Description of the Invention

[0012] Referring to Figures, the following description will discuss a solar cell output measuring device to which the
present invention is applied and an output measuring method for a solar cell, in detail.

[0013] As shown in Fig. 1, this solar cell output measuring device 1 is provided with two sets of electrode terminals
4, each set having a voltage measuring terminal plate 2 and a current measuring terminal plate 3 that are combined
with each other as one pair. The voltage measuring terminal plate 2 of each of the electrode terminals 4 is connected
to each other with a cable 5, and is also connected to a voltmeter 6. In the same manner, the current measuring terminal
plate 3 of each of the electrode terminals 4 is connected to each other with the cable 5, and is also connected to an
ampere meter 7.

[Electrode Terminal]
[0014] The electrode terminal 4 has a structure in which the voltage measuring terminal plate 2 and the current

measuring terminal plate 3 are integrally formed as one unit with an insulating layer 8 interpolated therebetween. The
voltage measuring terminal plate 2 has a function for measuring voltage characteristics of a solar cell 20 by being made
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in contact with a plurality of finger electrodes 31 formed in the solar cell 20 to be described later, in a manner so as to
intersect therewith. Moreover, the current measuring terminal plate 3 has a function for measuring current characteristics
of the solar cell 20 by being made in contact with the plural finger electrodes 31 formed in the solar cell 20, in a manner
so as to intersect therewith.

[0015] Each ofthese voltage measuring terminal plate 2 and current measuring terminal plate 3 is made of a conductor,
and can be formed by using, for example, metal such as Cu, Al or the like. Moreover, both of the voltage measuring
terminal plate 2 and current measuring terminal plate 3 are formed into the same rectangular plate shape, and integrally
formed, with respective main surfaces 2a and 3a being opposed to each other and with an insulating layer 8 being
interpolated therebetween.

[0016] More specifically, as shown in Fig. 2, the respective terminal plates 2 and 3 allow their surfaces adjacent to
each other, with one side in the longitudinal direction of the main surface portion 2a being interposed therebetween, to
serve as contact surfaces 2b and 3b with the solar cell 20, and the respective contact surfaces 2b and 3b are formed
so as to have the same height. Therefore, the electrode terminals 4 make the respective contact surfaces 2b and 3b
in contact with the surface of the solar cell 20 simultaneously as well as positively.

[0017] The dimensions of the respective portions of the terminal plates 2 and 3 are, for example, given as 0.5 mm in
the width of each of the contact surfaces 2b and 3b, 10 mm in the height of the main surface portions 2a and 3a, and
0.2 mm in the thickness of the insulating layer 8. Additionally, the contact area of the electrode terminal 4 to the surface
of the solar cell 20 including the widths of the contact surfaces 2b and 3b to which the thickness of the insulating layer
8 is added is preferably set to the same as the width of a conventional general-use busbar electrode or less than the
width thereof. With this structure, at the time of measuring electrical characteristics, it is possible to suppress the shadow
loss of the electrode terminal 4 to the same level as that of a conventional solar cell using busbar electrodes.

[0018] Moreover, the length in the longitudinal direction of each of the contact surfaces 2b and 3b is set to at least the
same length as the length of one side 20a in a direction orthogonal to the formation direction of each finger electrode
31 of the solar cell 20. Therefore, the electrode terminal 4 allows the respective contact surfaces 2b and 3b to be made
in contact with all the finger electrodes 31 formed on the solar cell 20 in a manner so as to intersect therewith. In this
case, the respective terminal plates 2 and 3 may have the lengths in the longitudinal direction of the contact surfaces
2b and 3b set to be longer than the length of one side 20a of the solar cell 20.

[0019] Moreover, intherespective terminal plates 2 and 3, at least the contact surfaces 2b and 3b of conductor surfaces
to the solar cell may be subjected to a rust preventive plating process by using a material having conductivity, such as
Au, solder or the like, or preferably, the rust preventive plating process may be carried out over the entire surface of the
conductor surface.

[0020] The insulating layer 8 interpolated between the respective main surfaces 2a and 3a of these voltage measuring
terminal plate 2 and current measuring terminal plate 3 is used for insulating the two terminal plates 2 and 3 from each
other. For example, as shownin Fig. 3A, the insulating layer 8 is formed by processes in which after applying an adhesive
agent 10 having an insulating property to one of the respective main surfaces 2a and 3a of the two terminal plates 2
and 3, or to both of them, the two terminal plates 2 and 3 are pasted to each other. Moreover, as shown in Fig. 3B, the
insulating layer 8 may be formed by placing an adhesive film 11 having an insulating property between the two main
surfaces 2a and 3a and curing the insulating adhesive film 11. Furthermore, the insulating layer 8 may be formed by
using an adhesive tape (not shown) having no curing property, on demand.

[Adhesive Agent]

[0021] As these insulating adhesive agent 10 and insulating adhesive film 11, a conventionally known insulating resin
adhesive composition for use in, for example, configuring electronic parts on a substrate may be used, and for example,
an epoxy-based curing resin composition and an acryl-based curing resin composition, or products formed by molding
these materials into films may be proposed. Among these, those of a thermosetting type may be preferably used.
[0022] The epoxy-based thermosetting resin composition is composed of a compound or a resin, for example, having
two or more epoxy groups in a molecule, an epoxy curing agent, a film-forming component, etc.

[0023] As the compound or resin having two or more epoxy groups in a molecule, any of a liquid- state material or a
solid- state material may be used, and examples thereof include bifunctional epoxy resins, such as a bisphenol A- type
epoxy resin and a bisphenol F- type epoxy resin, and novolak- type epoxy resins, such as a phenol novolak- type epoxy
resin and a cresol novolak- type epoxy resin. Moreover, alicyclic epoxy compounds, such as 3, 4- epoxycyclohexenyl-
methyl- 3’, 4'- epoxycyclohexene carboxylate, may also be used.

[0024] As the epoxy curing agent, examples thereof include: amine-based curing agents, imidazole-based curing
agents, acid anhydride-based curing agents, sulfonium cation-based curing agents, etc. The curing agent may be a
potential curing agent.

[0025] Asthefilm-forming component, examples thereofinclude a phenoxy resin and an acrylicresin thatare compatible
with an epoxy compound and an epoxy resin.
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[0026] The epoxy-based thermosetting resin composition may contain a known curing accelerator, a silane coupling
agent, a metal capturing agent, a stress relaxing agent such as butadiene rubber or the like, an inorganic filler such as
silica, a polyisocyanate-based crosslinking agent, a colorant, an antiseptic agent, a solvent and the like, if necessary.
[0027] The acryl-based thermosetting resin composition is composed of, for example, a (meth)acrylate monomer, a
film-forming resin, an inorganic filler such as silica or the like, a silane coupling agent, a radical polymerization initiator, etc.
[0028] As the (meth)acrylate monomer, a monofunctional (meth)acrylate monomer, a polyfunctional (meth)acrylate
monomer, or a modified monofunctional or polyfunctional (meth)acrylate monomer obtained by introducing an epoxy
group, a urethane group, an amino group, an ethylene oxide group, a propylene oxide group or the like to those monomers
may be used. Moreover, as long as the effects of the present invention are not impaired, another monomer that is radical
copolymerizable with (meth)acrylate monomer, for example, (meth)acrylic acid, vinyl acetate, styrene, vinyl chloride or
the like may be used in combination.

[0029] As the film-forming resin for the acryl-based thermosetting resin composition, examples thereof include: a
phenoxy resin, a polyvinyl acetal resin, a polyvinyl butyral resin, an alkylated cellulose resin, a polyester resin, an acrylic
resin, a styrene resin, a urethane resin, a polyethylene terephthalate resin, or the like, may be used.

[0030] As the radical polymerization initiator, an organic peroxide, such as benzyl peroxide, dicumyl peroxide, dibutyl
peroxide, or the like, and an azobis-based compound, such as azobisisobutyronitrile and azobisisovaleronitrile, may be
used.

[0031] The acryl-based thermosetting resin composition may contain a stress relaxing agent such as butadiene rubber,
a solvent such as ethyl acetate, a colorant, an oxidation inhibitor, an antioxidant, and the like, if necessary.

[0032] The molding process of these epoxy-based thermosetting resin composition and acryl-based thermosetting
resin composition into an insulating resin adhesive film (NCF) may be carried out by using a conventionally known method.

[Measuring Method]

[0033] Next, the following description will discuss processes for measuring electrical characteristics of the solar cell
20 by the use of the solar cell output measuring device 1.

[Structure of Solar Cell]

[0034] First, the following description will discuss the solar cell 20 on which the measuring processes for electrical
characteristics are carried out by the solar cell output measuring device 1. The solar cell 20 has a structure in which,
without busbar electrodes being formed, each of tab wires 21 forming interconnectors is directly adhered to finger
electrodes 31 in a manner so as to intersect therewith, and the solar cell output measuring device 1 is desirably used
for the measurements of the solar cell 20 having such a busbarless configuration.

[0035] As shown in Fig. 4, the solar cells 20 are series or parallel connected to each other by the tab wires 21 forming
the interconnectors so that each string 22 is formed. A plurality of strings 22 are arranged to form a matrix 23, and this
matrix 23, which is sandwiched by sheets 24 made of a sealing adhesive agent, is laminated as one unit together with
a surface cover 25 formed on a light-receiving surface side and a back sheet 26 formed on a rear surface side, and
lastly, a metal frame 27 made of aluminum or the like is attached to the peripheral portion so that a solar cell module 28
is formed.

[0036] As the sealing adhesive agent, for example, a translucent sealing material, such as an ethylene vinyl acetate
resin (EVA) or the like, is used. Moreover, as the surface cover 25, for example, a translucent material, such as glass
and a translucent plastic material, is used. As the back sheet 26, a laminate member or the like in which glass or an
aluminum foil is sandwiched by resin films is used.

[0037] Asshownin Fig. 5, each of the solar cells 20 of the solar cell module is provided with a photoelectric conversion
element 30. As the photoelectric conversion element 30, various kinds of photoelectric conversion elements 30, such
as a crystal silicon-based solar cell using a monocrystal-type silicon photoelectric conversion element or a polycrystal-
type photoelectric conversion element, and a thin-film silicon-based solar cell using a photoelectric conversion element
in which a cell made of amorphous silicon and a cell made of microcrystal silicon or amorphous silicon germanium are
stacked on each other, may be used.

[0038] Moreover, the photoelectric conversion element 30 is provided with finger electrodes 31 that collect electricity
generated inside thereof on its light- receiving surface side. The finger electrodes 31 are formed through processes in
which, after an Ag paste has been applied onto the surface of the solar cell 20 forming the light- receiving surface by a
screen printing method or the like, a baking process is carried out thereon. Moreover, the finger electrodes 31 are formed
over the entire surface of the light- receiving surface as a plurality of lines, each having a width of, for example, about
50 to 200 x m, that are virtually in parallel with one another with a predetermined interval of, for example, 2 mm, and
tab wires 21 are connected to all the finger electrodes 31 in a manner so as to intersect therewith by a conductive
adhesive film 33.
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[0039] Furthermore, the photoelectric conversion element 30 is provided with a rear surface electrode 32, made of
aluminum or silver, which is formed on a rear surface side opposite to the light- receiving surface. As shown in Figs. 4
and 6, the rear surface electrode 32 is prepared as an electrode made of aluminum or silver that is formed on the rear
surface of each solar cell 20 by using, for example, a screen printing method, a sputtering method, or the like. The rear
surface electrode 32 has tab wire connecting portions 34 to which the tab wire 21 is connected, with the conductive
adhesive film 33 interpolated therebetween, which will be described later.

[0040] Ineach solar cell 20, the respective finger electrodes 31 formed on the surface thereof are electrically connected
to the rear surface electrode 32 of an adjacent solar cell 20 by the tab wire 21 so that strings 22 that are series-connected
with one after another are formed. The tab wire 21, the finger electrodes 31 and the rear surface electrode 32 are
connected to one another by the conductive adhesive film 33.

[0041] As shown in Fig. 5, the tab wire 21 is made of a conductive base member having an elongated shape that is
used for electrically connecting adjacent solar cells 20a, 20b and 20c with one another, and for example, is formed by
using a ribbon-shaped copper foil having virtually the same width as that of the conductive adhesive film 33 to be
described later, with a thickness of, for example, 50 to 300 « m, with a gold plating, silver plating, tin plating, solder
plating process or the like being carried out thereon, if necessary.

[Adhesive Film]

[0042] AsshowninFig.7,the conductive adhesive film 33 is a thermosetting binder resin layer that contains conductive
particles 36 at a high density.

[0043] Although not particularly limited, as the conductive particles 36 used for the conductive adhesive film 33,
examples thereof include: metal particles such as nickel, gold, silver and copper, resin particles that are subjected to
gold plating, and those resin particles that are subjected to gold plating, with their outermost layer being coated with an
insulating material.

[0044] Although not particularly limited, the composition of the binder resin layer of the conductive adhesive film 33
preferably contains a film-forming resin, a liquid-state epoxy resin, a potential curing agent and a silane coupling agent.
[0045] Moreover, with respect to the conductive adhesive film 33, two films for use as surface electrodes and two films
for use as rear surface electrodes, which are formed into predetermined lengths, are temporarily pasted onto predeter-
mined positions on the surface and rear surface of the solar cell 20. In this case, the conductive adhesive films 33 are
temporarily pasted onto the surface of the solar cell 2 so as to be virtually orthogonal to the respective plural finger
electrodes 31 that are formed on the surface of the solar cell 2 virtually in parallel with one another.

[0046] Inthe same manner, the tab wires 21, which are cut into predetermined lengths, are disposed on the conductive
adhesive films 33 in an overlapped mannerthereon. Thereafter, each conductive adhesive film 33 is thermally compressed
onto the tab wires 21 at predetermined temperature and pressure by a heating bonder so that the binder resin is hardened
and the conductive particles 36 are simultaneously sandwiched between the tab wires 21 and the finger electrodes 31
or the rear surface electrode 32. Thus, each conductive adhesive film 33 allows the tab wires 21 to be adhered onto the
respective electrodes and also to be conductively connected with one another.

[0047] Additionally, in the above embodiment, explanations have been given by exemplifying a structure using the
conductive adhesive film 33; however, not limited to a film- shaped conductive adhesive agent, a paste- state conductive
adhesive agent may be used.

[0048] The measuring processes of electrical characteristics of the solar cell 20 by the use of the solar cell output
measuring device 1 are carried out at the time when the finger electrodes 31 and the rear surface electrode 32 have
been formed on the photoelectric conversion element 30. More specifically, the solar cell 20 is placed on a mounting
base, and the electrode terminal 4 of the solar cell output measuring device 1 is made in contact with predetermined
positions of the cell surface. As shown in Fig. 1, the electrode terminal 4 is disposed so that the respective contact
surfaces 2b and 3b of the voltage measuring terminal plate 2 and the current measuring terminal plate 3 are made
orthogonal to all the finger electrodes 31. Moreover, the electrode terminal 4 allows the voltage measuring terminal plate
2 to be connected to the voltmeter 6 and the current measuring terminal plate 3 to be also connected to the ampere
meter 7 respectively by cables 5.

[0049] Moreover, the solar cell output measuring device 1 has a circuit configuration as shown in Figs. 8 and 9, and
makes it possible to carry out measurements of electrical characteristics on the solar cell 20 by irradiating the two
surfaces of the cells with pseudo solar light, by using a so- called 4- terminal method. At this time, in accordance with
the solar cell output measuring device 1, since the contact surface of the electrode terminal 4 formed into a rectangular
plate shape is made in contact with the surface of the solar cell 20, all the finger electrodes 31 are made in contact with
the contact surfaces 2b and 3b of the electrode terminal 4. Therefore, in accordance with the solar cell output measuring
device 1, upon measuring electrical characteristics of the solar cell 20 of the busbarless structure, since the electrode
terminal 4 is positively made in contact with all the finger electrodes 31, it is possible to measure the electrical charac-
teristics with high precision.
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[Another Embodiment 1]

[0050] Moreover,in addition to measurements of electrical characteristics of the solar cell 20 of the busbarless structure,
the solar cell output measuring device 1 may be used for measuring electrical characteristics of a solar cell 41 in which
collector electrodes 40 that intersect with the finger electrodes 31 are formed on the outside edge portions thereof. In
the following description, those members having the same structures as those of the above- mentioned solar cell 20 are
indicated by the same reference numerals, and the description thereof will be omitted.

[0051] As shown in Fig. 10, the solar cell 41 has a structure in which in order to prevent generation of a stress at the
time of thermally compressing the tab wires 21 and the conductive adhesive film 33 and subsequent so-called cell cracks
caused by the stress applied onto the solar cell 41 due to a difference in linear expansion coefficients between the solar
cell 41 and the tab wires 21 or expansion and shrinkage due to heating and cooling, a thermal compression region of
the tab wires 21 that is exerted onto the solar cell 41 by a heating bonder is offset from the outside edge portion 41 a of
the solar cell 41 toward the center side of the cell.

[0052] Therefore, in the solar cell 41, since the tab wires 21 are not thermally compressed onto the outside edge
portion 41 a side, the finger electrodes 31 and the tab wires 21 formed on the outside edge portion 41 a side are not
connected each other for conduction. However, in this state, current is not collected from the finger electrodes 31 formed
on the outside edge portion 41a side to cause a current collection loss, and the subsequent reduction in the photoelectric
conversion efficiency.

[0053] Forthisreason, inthe solarcell 41, a collector electrode 40 that is orthogonal to the finger electrodes 31 installed
near the outside edge portion 41a is formed over a non-thermal compression region 4 1 c in which the tab wires 21 are
not thermally compressed by the heating bonder and the edge portion of a thermal compression region 41b in which
the tab wires 21 are thermally compressed by the heating bonder. The collector electrode 40 is formed through processes
in which, for example, an Ag paste is applied to a predetermined position of the surface electrodes by a screen printing
process or the like, and baked thereon.

[0054] The thermal compression region 41b and the non-thermal compression region 41 c are referred to as regions
located between the outside edge portions 41a that are opposed to each other on the solar cell 41 on which the conductive
adhesive film 33 and the tab wires 21 are disposed and adhered thereto, and as shown in Fig. 11, of the corresponding
regions, the thermal compression region 41b corresponds to a region that is offset from each of the two outside edge
portions 41 a toward the cell inner side where the thermal compressing process of the tab wires 21 onto the solar cell
41 is carried out by a heating bonder, and of the corresponding regions, the non-thermal compression region 41c
corresponds to a region on the outside edge portion 41a side from the thermal compression region 41b.

[0055] The collector electrode 40 is used for collecting current from the finger electrodes 31 on the non-thermal
compression region 41c in which the tab wires 21 are not thermally compressed, and is formed across the non-thermal
compression region 41 ¢ and the end portion of the thermal compression region 41 b, and connected to the tab wires
21 that are adhered to the thermal compression region 41b.

[0056] With this structure, the solar cell 41 carries out current collection from the finger electrodes 31 in the thermal
compression region 41 b by using the tab wires 21, and also carries out current collection from the finger electrodes 31
in the non-thermal compression region 41c by using the collector electrode 40. Therefore, the solar cell 41 makes it
possible to prevent generation of current collection loss in the non-thermal compression region 41c, and also to make
the photoelectric conversion efficiency the same as or higher than that of a solar cell in which busbar electrodes are
formed over the entire regions of the thermal compression region 41b and non-thermal compression region41c. Moreover,
since the thermal compression region 41b of the tab wires 21 is offset from each of the outside edge portions 41 a toward
the inner side, the solar cell 41 is free from fear of occurrence of cell cracks due to a stress applied to the outside edge
of the cell. Furthermore, since the solar cell 41 makes it possible to reduce the used amount of a silver paste for use as
a material for the busbar electrodes in comparison with a solar cell in which the busbar electrodes are formed over the
entire regions of the thermal compression region 4 1 b and non-thermal compression region 41 c, and consequently to
reduce the production costs.

[0057] The solar cell output measuring device 1 carries out the measuring processes of this solar cell 41 in the same
manner as in the solar cell 20 at the time when the finger electrodes 31, the rear surface electrodes 32 and the collector
electrodes 40 have been formed on the photoelectric conversion element 30. More specifically, as shown in Fig. 12, in
the solar cell 41, the respective contact surfaces 2b and 3b of the voltage measuring terminal plate 2 and the current
measuring terminal plate 3 of the electrode terminal 4 of the solar cell output measuring device 1 are made in contact
with the thermal compression region 41b and the non-thermal compression region 41 c.

[0058] With this structure, the voltage measuring terminal plate 2 and the current measuring terminal plate 3 are
connected to the finger electrodes 31 formed on the thermal compression region 41b in a manner so as to be orthogonal
thereto, and also connected to the finger electrodes 31 formed on the non-thermal compression region 41 c through the
collector electrode 40. Therefore, in accordance with the solar cell output measuring device 1, even in the case of
measuring electrical characteristics of the solar cell 41 provided with the collector electrode 40 that is formed on the
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finger electrodes 31 of the non-thermal compression region 41c across the non-thermal compression region 41 c and
the end portion of the thermal compression region 41b on each of the outside edge portions 41a, since the electrode
terminal 4 is positively made in contact with all the finger electrodes 31, it is possible to measure the electrical charac-
teristics with high precision.

Example 1

[0059] Next, the following description will discuss examples in which, by using the solar cell output measuring device
1, the photoelectric conversion efficiency is measured on a solar cell (sample 1) in which general busbar electrodes are
formed, as shown in Fig. 13A, as well as on a solar cell (sample 2) which has a busbarless structure as shown in Fig.
13B, in comparison with measurements (comparative example) carried out by an output measuring device provided with
measuring terminals having a conventional probe- pin structure.

[0060] The measurements of the photoelectric conversion efficiency by the output measuring devices relating to the
example and comparative example were carried out 10 times respectively on both of a generally-used solar cell (sample
1) and a solar cell (sample 2) having the busbarless structure so that a standard deviation () was found.

[0061] Inthe measurements onthe sample 1, the photoelectric conversion efficiency was measured, with the electrode
terminal 4 or the probe pins being made in contact onto the busbar electrodes. With respect to the sample 2 having the
busbarless structure, the photoelectric conversion efficiency was measured, with the electrode terminal 4 or the probe
pins being made in contact onto a plurality of finger electrodes. The measurements of the respective photoelectric
conversion efficiencies were conducted under conditions of an illuminance of 1000 W/m?2, a temperature of 25°C and a
spectrum of AM 1.5G, by using a solar simulator (PVS1116i, made by Nisshinbo Mechatronics, Inc.). The results of the
measurements are shown in Table 1 and Fig. 14.

[0062]
[Table 1]
Cell No. Example Comparative Example
Power generation efficiency (%) | Power generation efficiency (%)
1 15.819 15.851
2 15.804 15.855
3 15.867 15.941
4 15.765 15.911
5 15.752 15.795
6 15.782 15.796
With busbarelectrodes
7 15.814 15.848
8 15.725 15.649
9 15.763 15.777
10 15.607 15.638
Ave 15.770 15.806
z 0.070 0.100
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(continued)
Example Comparative Example
Cell No.
Power generation efficiency (%) | Power generation efficiency (%)
1 15.693 15.750
2 15.842 18.969
3 15.768 18.601
4 15.556 15.287
5 15.687 11.832
6 15.797 21.112
Busbarless
7 15.713 14.197
8 15.765 15.461
9 15.712 15.117
10 15.674 11.998
Ave 15.721 15.832
2 0.079 2.976

[0063] As shown in Table 1 and Fig. 14, in accordance with the measurements (example) by the solar cell output
measuring device 1, the sample 1 had a standard deviation of 0.070 and the sample 2 had a standard deviation of 0.079
so that deviations in the measured values were comparatively small. In contrast, in the measurements (comparative
example) by the conventional output measuring device using the probe pins, the sample 1 had a standard deviation of
0.100, butthe sample 2 had a standard deviation of 2.976, with the result that deviations in the measured values were large.
[0064] This is because in the case of the comparative example, the interval between the probe pins and the interval
between the finger electrodes are not coincident with each other in the sample 2, with the result that the number of the
finger electrodes with which the probe pins are made in contact differs for every measurements. Therefore, it is found
that in the comparative example, the measurements for electrical characteristics can be carried out in a comparatively
stable manner on the conventional solar cell on which the busbar electrodes are formed, while it is not possible to carry
out the measurements for electrical characteristics on the solar cell 20 having the busbarless structure.

[0065] On the other hand, in accordance with the example, the standard deviation of the measured values of the
sample 1 and the sample 2 is close to 0, indicating that it is possible to carry out the measurements of electrical
characteristics stably irrespective of the electrode structure of the solar cell.

[Another Embodiment 2]

[0066] Next, the following description will discuss still another embodiment of a solar cell output measuring device
and a solar cell output measuring method in accordance with the present invention. In the solar cell output measuring
device in accordance with the present embodiment, in addition to an electrode terminal 4 in which the aforementioned
voltage measuring terminal plate 2 and current measuring terminal plate 3 are combined with each other as one pair,
as shown in Figs. 15 and 16, an auxiliary jig 60 that sandwiches a solar cell 20 in cooperation with the electrode terminal
4 formed on the rear surface side of the solar cell 20 is installed.

[0067] By compressing the solar cell 20 from the rear surface side, the auxiliary jig 60 ensures a contact of the
rectangular plate-shaped voltage measuring terminal plate 2 and current measuring terminal plate 3 to the finger elec-
trodes 31 formed on the surface of the solar cell 20 so as to accurately carry out measurements of electrical characteristics.
Thatis, the above-mentioned electrode terminal 4 has both of its voltage measuring terminal plate 2 and current measuring
terminal plate 3 formed into rectangular plate shapes, with the contact surfaces 2b and 3b to the finger electrodes 31
being formed into flat shapes. On the other hand, the finger electrodes 31 formed on the solar cell 20 have deviations
in heights, with the result that the respective contact surfaces 2b and 3b of the voltage measuring terminal plate 2 and
current measuring terminal plate 3 are not made in contact with all the finger electrodes 31, possibly failing to carry out
accurate measurements. Therefore, in the present embodiment, the auxiliary jig 60 that presses the solar cell 20 from
the rear surface side is placed, and the solar cell 20 is sandwiched by the auxiliary jig 60 and the voltage measuring
terminal plate 2 as well as the current measuring terminal plate 3 so that the respective contact surfaces 2b and 3b of
the voltage measuring terminal plate 2 and the current measuring terminal plate 3 are made in contact with all the finger
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electrodes 31.

[0068] As shown in Fig. 15, the auxiliary jig 60 is provided with a plurality of probe pins 61 that press the rear surface
electrode 32 formed on the rear surface of the solar cell 2 and a holder 62 that supports the probe pins 61.

[0069] Each probe pin 61 has a pin main body 61a that is held by the holder 62 and a contact portion 6 1 b that is
attached onto a tip of the pin main body 61a and made in contact with the rear surface of the solar cell 20. The pin main
body 61a is formed into a column shape, and the contact portion 61 b is formed into a column shape having a larger
diameter than that of the pin main body 61a. The probe pin 61 has such a structure that, with the pin main body 61a
being held by the holder 62, the contact portion 61b is allowed to protrude from the upper surface 62a of the holder 62.
[0070] The holder 62 that holds the probe pins 61 is formed into a rectangular plate shape by using, for example, a
resin material such as glass epoxy, acrylic resin, polycarbonate resin, or the like. Each of the upper and lower surfaces
62a and 62b of the holder 62 is composed of a longer side having a length corresponding to the length of one side of
the solar cell 20 and a shorter side having a width on which at least one row of the probe pins 61 are arranged with an
even interval. Moreover, the plural probe pins 61 are embedded into the holder 62 in a direction perpendicular to the
upper and lower surfaces.

[0071] Moreover, the auxiliary jig 60 is supported by a shifting mechanism, not shown, so as to be freely raised and
lowered so that it can come close to or depart from the rear surface of the solar cell 20. Upon measuring electrical
characteristics of the solar cell 20, the auxiliary jig 60 sandwiches the surface and rear surface of the solar cell 20 in
cooperation with the electrode terminal 4. With this structure, even in the case when there are irregularities on the finger
electrodes 31, it is possible to make the voltage measuring terminal plate 2 and the current measuring terminal plate 3
of the electrode terminal 4 in contact with all the finger electrodes 31.

[0072] The auxiliary jig 60 is preferably placed at a position opposed to the electrode terminal 4 with the solar cell 20
interposed in between. With this arrangement, the electrode terminal 4 is efficiently made in contact with the finger
electrodes 31 by the use of the load of the auxiliary jig 60. Moreover, this arrangement makes it possible to prevent the
solar 20 from being warped, damaged or the like, without any loads being applied from the electrode terminal 4 and the
auxiliary jig 60 to the solar cell 20 in a shearing direction.

[0073] The load to be applied to the entire auxiliary jig 60 is preferably set to at least 350g or more, and preferably, to
1200g or more. When the entire load to be applied to the auxiliary jig 60 is less than 350g, the load becomes insufficient
to make the electrode terminal 4 in contact with all the finger electrodes 31, possibly resulting in deviations for every
measurements. Moreover, the upper limit of the entire load to be applied to the auxiliary jig 60 may be determined on
demand depending on the durability of the solar cell 20 and the auxiliary jig 60.

[0074] In this case, the auxiliary jig 60 applies a load from the rear surface side of the solar cell 20 by using the probe
pins 61; however, the load may be applied from the rear surface side of the solar cell 20 by using not the probe pins 61,
but a jig having a rectangular plate shape.

[0075] Moreover, as shown in Fig. 15, in the auxiliary jig 60, the probe pins 61 may be used as terminals for use in
measuring the current value and the voltage value. In this case, in each of the probe pins 61, the contact portion 61b is
made in contact with the rear surface electrode 32 of the solar cell 20, and the plural pin main bodies 61a are allowed
to protrude onto the lower surface 62b side of the holder 62 and coupled to one another by copper wires or the like, and
then connected to the voltage measuring terminal plate 2 and the current measuring terminal plate 3 through the voltmeter
6 and the ampere meter 7.

[0076] Next, the following description will discuss an example in which electrical characteristics of the solar cell 20
were measured by using the auxiliary jig 60 in addition to the electrode terminal 4. In this example, the electrical char-
acteristics of the solar cell 20 were measured, while the shape (probe pins/ rectangular plate shape) of the auxiliary jig
60, the range (overall length/ partial portion) of the solar cell 20 to be subjected to the load of the auxiliary jig 60 and the
load to be applied to the entire portion of the auxiliary jig 60 were changed. The measurements were carried out five
times under the respective conditions, and the average largest output value (Pmax) and the standard deviation (Pmaxo)
were calculated.

[0077] The process in which the load is applied to the overall length of the solar cell 20 by the auxiliary jig 60 refers
to a process in which the load is applied to a region located 2 mm inside from each of the side edges of the solar cell
20, and the process in which the load is applied to the partial portion of the solar cell 20 refers to a process in which the
loadis applied to aregionlocated 8 mminside from each of the side edges of the solar cell 20. Moreover, the measurements
of the respective photoelectric conversion efficiencies were conducted in compliance with JIS C8913 (Crystal- based
Solar Cell Output Measuring Method) under conditions of an illuminance of 1000 W/m2, a temperature of 25°C and a
spectrum of AM 1.5G, by using a solar simulator (PVS1116i- M, made by Nisshinbo Mechatronics, Inc.) .

[0078] In example 1, the auxiliary jig 60 with the probe pins 61 was used, and the current-voltage characteristic was
measured while the entire load of 350g was being applied onto the overall length of the rear surface of the solar cell 20
of the busbarless type so that the largest output value was found.

[0079] In example 2, the measurements were carried out under the same conditions as those of example 1 except
that the entire load to be applied to the auxiliary jig 60 was changed to 1250g.
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[0080] In example 3, the measurements were carried out under the same conditions as those of example 1 except
that the entire load to be applied to the auxiliary jig 60 was changed to 2100g.

[0081] In example 4, as shown in Fig. 17, an auxiliary jig 60 having an upper surface on which probe pins 61 and
sponge pieces 63 were alternately formed was used. The dimensions of each sponge piece 63 were, for example, 10
mm (length), 5 mm (width) and 5 mm (height), and one of the sponge pieces and two of the probe pins 61 were alternately
formed on the upper surface of the auxiliary jig 60. The other conditions were the same as those of example 1.

[0082] In example 5, an aucxiliary jig 60 having a rectangular plate shape (flat plate) was used, and this was made in
surface-contact with the rear surface of the solar cell 20, with a load being applied thereto. The other conditions were
the same as those of example 2.

[0083] In example 6, a load was partially applied onto the solar cell 20. The other conditions were the same as those
of example 2.

[0084] In example 7, a solar cell in which a plurality of finger electrodes 31 and busbar electrodes orthogonal to the
finger electrodes 31 were formed was used, and electrical characteristics were measured, with the electrode terminal
4 being made in contact onto the busbar electrodes. The other conditions were the same as those of example 2. The
average largest output value (Pmax) and the standard deviation (Pmaxc) of example 7 form standard values that are
used for making a good or bad determination on examples 1 to 6 for use in measuring the solar cells 20 of the busbarless
type.

[0085] From the results of the measurements of the respective examples 1 to 7, the average largest output value
(Pmax) and the standard deviation (Pmaxc) were calculated. As the indexes for evaluation, in a case in which the
average largest output value (Pmax) was 3.6 W or more, with the standard deviation (Pmaxc) being set to less than
0.02, this case was regarded as an optimal level (O) for practical use, in a case in which the average largest output
value (Pmax) was less than 3.6 W, with the standard deviation (Pmaxc) being setto 0.02 or more, this case was regarded
as a level (X) failing to be applied to practical use, and in a case in which the average largest output value (Pmax) was
less than 3.6 W or the standard deviation (Pmaxc) was 0.02 or more, this case was regarded as a level (A) in which no
problem would be raised even when applied to practical use. Table 2 shows the results thereof.

[0086]

[Table 2]
Example 1 | Example 2 | Example 3 | Example 4 | Example 5 | Example 6 | Example 7
Sh?pe Of Probe Probe Probe Probe/ Flat plate Probe Probe
auxiliary jig Sponge
Range of Overal Overall Overall Overal Overal Partial Overall
auxiliary jig length length length length length length length
Total weight of 350 1250 2100 1250 1250 1250 1250
auxiliary jig (g)
Busbar
electrodes of No No No No No No Yes
cell
Output value of 3.55 3.80 3.81 3.80 3.56 3.69 3.80
cell Pmax(W)
Deviations in
cell output value 0.061 0.018 0.019 0.018 0.08 0.026 0.017
Pmax(o)
Determination A O O O A A O

[0087] Asshownin Table 2, inthe measuring methods using auxiliary jigs relating to examples 1 to 7, any of the results
showed the optimal level for practical use or the level in which no problem would be raised even when applied to practical
use.

[0088] When example 2 and example 1 were compared with each other, it was found that in example 1, since the total
load was 350g, which was comparatively small, the contact between the electrode terminal 4 and the finger electrodes
31 became slightly insufficient. Consequently, it was found that the load to be applied to the auxiliary jig should be
preferably set to 1200g or more.

[0089] When example 2 and example 4 were compared with each other, no difference was found in cell output values
and deviations so that good results were obtained. Additionally, in accordance with embodiment 4, since the auxiliary
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jig having an upper surface on which the probe pins 61 and the sponge pieces 63 were alternately formed was used,
the number of the probe pins 61 can be reduced, and maintenance operations required for exchanging pins can be
simplified, thereby making it possible to reduce costs.

[0090] When example 2 and example 5 were compared with each other, since an auxiliary jig having a rectangular
plate shape was used in example 5, the load applied to the auxiliary jig was not sufficiently transferred to the solar cell.
This shows that it is preferable to allow the auxiliary jig to have a structure with probe pins.

[0091] Inthe case when example 2 and example 6 were compared with each other, since a load was partially applied
to the solar cell in example 6, the contact between the electrode terminal 4 and the finger electrodes located near the
side edge of the solar cell became insufficient. This shows that it is preferable to allow the auxiliary jig to apply the load
over the overall length of the solar cell. Reference Signs List

[0092] 1...solar cell output measuring device, 2...voltage measuring terminal plate, 3...current measuring terminal
plate, 4...electrode terminal, 5...able, 6...voltmeter, 7...ampere meter, 8...insulating layer, 20... solar cell, 21...tab wire,
22...string, 23...matrix, 24...sheet, 25...surface cover, 26...back sheet, 27...metal frame, 28...solar cell module, 30...
photoelectric conversion element, 31...finger electrode, 32...rear surface electrode, 33...conductive adhesive film, 34...tab
wire connection portion, 36...conductive particles, 40...collector electrode, 41... solar cell, 41a...outside edge portion,
41b...thermal compression region, 41c...non-thermal compression region, 60...auxiliary jig, 61 probe pin, 62 holder.

Claims
1. A solar cell output measuring device comprising:

a terminal plate made of a conductor that is made in contact with a plurality of finger electrodes formed on a
surface of a solar cell,

wherein the terminal plate is allowed to intersect the finger electrodes so that the terminal plate is simultaneously
made in contact with the plural finger electrodes; the terminal plate is connected to a measuring device for
measuring electrical characteristics of the solar cell; and the terminal plate is formed into a rectangular shape,
with one surface thereof being allowed to form a contact surface with the finger electrodes.

2. The solar cell output measuring device according to claim 1, wherein an electrode terminal having a pair of the
terminal plates and an insulating layer that is installed between the paired terminal plates so as to insulate the
terminal plates from each other is prepared; the paired terminal plates have main surfaces thereof that are made
face to face with each other, with the insulating layer being interpolated between the main surfaces; and the one
surface that is adjacent to the main surface through one side extending in the longitudinal direction is allowed to
form a contact surface with the finger electrodes.

3. The solar cell output measuring device according to claim 1 or 2, wherein the terminal plate has at least a length
corresponding to one side of the solar cell that is orthogonal to the finger electrodes.

4. The solar cell output measuring device according to any one of claim 2 and 3, wherein a pair of the electrode
terminals are installed; the electrode terminals respectively have one of the terminal plates connected to an ampere
meter, with the other terminal plate being connected to a voltmeter, so that electrical characteristics are measured
by a 4-terminal method.

5. The solar cell output measuring device according to any one of claims 1 to 4, wherein the terminal plate is coated
with a rust resistive material having conductivity.

6. The solar cell output measuring device according to any one of claims 1 to 5, wherein an auxiliary jig for use in
sandwiching the solar cell in cooperation with the terminal plate is installed on a rear surface side of the solar cell.

7. The solar cell output measuring device according to claim 6, wherein the auxiliary jig is placed at a position opposed
to the terminal plate, with the solar cell being interposed therebetween.

8. The solar cell output measuring device according to claim 6 or 7, wherein the auxiliary jig is provided with a plurality
of probe pins that compress the entire width between two sides opposed to each other of the solar cell; and the

entire jig has a load weight of 1200g or more.

9. A solar cell output measuring method comprising the steps of:
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providing a solar cell output measuring device provided with a terminal plate made of a conductor and having
a rectangular shape, which is connected to a measuring device for use in measuring electrical characteristics
of a solar cell;

by placing one surface of the terminal plate on a plurality of finger electrodes formed on a surface of the solar
cell so as to intersect the finger electrodes, making the terminal plate simultaneously in contact with the plural
finger electrodes; and

while irradiating the surface of the solar cell with light, measuring electrical characteristics thereof.

The solar cell output measuring method according to claim 9, wherein an electrode terminal having a pair of the
terminal plates and an insulating layer that is installed between the paired terminal plates so as to insulate the
terminal plates from each other is prepared; the paired terminal plates have main surfaces thereof made face to
face with each other, with the insulating layer being interpolated between the main surfaces; and the one surface
that is adjacent to the main surface through one side extending in the longitudinal direction is allowed to form a
contact surface with the finger electrodes.

The solar cell output measuring method according to claim 9 or 10, wherein in each of the solar cells, an adhesive
region for a tab wire for use in connecting with another adjacent solar cell is formed as an inside region from the
outside edge portion; a collector electrode that is formed in a region extended toward the outside edge portion from
the region and intersects the plural finger electrodes formed on the outside edge portion is installed; and the terminal
plate is made in contact onto the adhesive region for a tab wire and the collector electrode.

The solar cell output measuring method according to claim 10 or 11, wherein a pair of the electrode terminals are
installed; the electrode terminals respectively have one of the terminal plate connected to an ampere meter, with
the other terminal plate being connected to a voltmeter, so that electrical characteristics are measured by a 4-
terminal method.

The solar cell output measuring method according to any one of claims 9 to 12, wherein the solar cell is sandwiched
by an auxiliary jig formed on a rear surface side of the solar cell and the terminal plate.

The solar cell output measuring method according to claim 13, wherein the auxiliary jig is placed at a position
opposed to the terminal plate, with the solar cell being interposed therebetween.

The solar cell output measuring method according to claim 13 or 14, wherein the auxiliary jig is provided with a

plurality of probe pins that compress the entire width between two sides opposed to each other of the solar cell; and
the entire jig has a load weight of 1200g or more.

13



EP 2 650 925 A1

l— | O
~J

00—

FIG.1

14



EP 2 650 925 A1

10mm

3b7] ~2b

0.5mm § 0.5mm
0. 2mm

FIG. 2

FIG. 3A FIG. 3B

15



EP 2 650 925 A1

25

FIG.4

16



EP 2 650 925 A1

29" 20b 20a
21 30 gas 31 21 30 833 31
L ) ) : ’ 3 . )
) ) ) )
32 33 21 32 33 21 32 33 21
FIG.5
20
2

/ // ?/

______________________________

v //// Y 734

e //:I/’!://
FIG. 6
33
36 36
)
° o/ OZ/ °.°pe °
o g o /° /%0 /o
£ o o_,f/g,f o 0

Fl6.7

17



EP 2 650 925 A1

FIG. 8

20a

FIG.9

18

20a



EP 2 650 925 A1

019l

Bly Bly ely

.;
or [ (Lor Jop ( Lov |ob 20 [ ( op
ely oc\ie e 1z ) oc|te g8 1z 0cl1e g8 12

37 37 34

19



EP 2 650 925 A1

Ky 41c 4}|a 41c

{ o )
1 VA
A K,
] iz
il k
™) 4
I
<] p
[N ~
N 8
41 b\._,_..-——-\ ™. } /_.—h,____,/ 41 b

= 4
w N
N |
S R
1~y [
HH L
%] |
1 1
N Y
N .
.
r‘-
171

[ ¥

\ Y

el B

7 ) 7
1

FlG. 11

w
-—
N
—_
9!

o

41a

20



EP 2 650 925 A1

FIG. 13A FI6. 13B

EFFICIENCY (%)

POWER GENERATION EFFICIENC

—--8--- WITH BUSBAR ELECTRODES
(EXAMPLE)

——=— BUSBARLESS
(EXAMPLE)

---0-- WITH BUSBAR ELECTRODES

(COMPARATIVE EXAMPLE)

—- @ - — BUSBARLESS
(COMPARATIVE EXAMPLE)

F16. 14

21




EP 2 650 925 A1

~J

O | — WD
(=]

ZA/ ///
31 . 7 20a
pas 7
. o=
A | b= N bEEs7” | <——_60
20—= 5574 5 A0
o1 {818 > o1 16
61a 61
62b O o 62b
62a ( 62a

FIG.15

22



EP 2 650 925 A1

{—61a
[R-61b

Ixpizal

LA

32—

31‘ ~— 7 AW J AW \NJZ

Nz

AW

23—+

FIG.16

FIG.17

23




EP 2 650 925 A1

FIG.18

24



EP 2 650 925 A1

lllllllllll

i — n

J Ty
50 50 7
51

FIG. 19
56 5
Y
[/ [
NI

FIG. 20

25



EP 2 650 925 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2011/077690

A. CLASSIFICATION OF SUBJECT MATTER
H01L31/04(2006.01)i, GOIR31/26(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1L31/04, GO1R31/26

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2011
Kokai Jitsuyo Shinan Koho 1971-2011 Toroku Jitsuyo Shinan Koho 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2010-177379 A (Mitsubishi Electric Corp.), 1-15
12 August 2010 (12.08.2010),
claims 1, 2, 6, 7; paragraphs [0001], [0002],
[0015], [0025], [0038], [0039]; fig. 5
(Family: none)
Y JP 2010-182969 A (Sanyo Electric Co., Ltd.), 1-15
19 August 2010 (19.08.2010),
paragraphs [0006], [0031]; fig. 2
& US 2010/0201349 a1l
Y JP 2008-071989 A (Shin-Etsu Handotai Co., 2,10
Ltd.),
27 March 2008 (27.03.2008),
paragraphs [0028], [0029], [0034], [0035];
fig. 1, 6
(Family: none)

D Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
20 December, 2011 (20.12.11)

Date of mailing of the international search report
10 January, 2012 (10.01.12)

Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

26




EP 2 650 925 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2010272838 A [0001]  JP 2006118983 A [0004]
« JP 2011240174 A[0001]

27



	bibliography
	description
	claims
	drawings
	search report

